INTRODUCTION
The initial concept of hybrid corn (Zea mays L.) as suggested by Shull in 1908 was not feasible mainly because of the high cost of single cross (SC) seed. In 1918 , Jones suggested the use of double crosses (DC) to circumvent the seed production problems of single crosses. For many years after this, the hybrid seed corn industry developed on the use of DC. With the advancement of seed corn production techniques and better inbreds (Jones 195 8 ) , the cost of SC seed Can. J. Plant Sci. 53: 805-810 (Oct. 1973) was reduced (Eberhart 1969) and SC be came commercially available. The use of SC has increased in the United States corn belt at the expense of DC (Weatherspoon 1970) . In Ontario a similar situation exists as dem onstrated by the changing number of hy brids being recommended. In 1968 there were 43 SC and 41 DC hybrids recom mended for commercial production; in 1973 these figures were 80 and 29, respectively. If this trend continues, it is possible that almost all commercial corn hybrids will be SC. This is a natural and beneficial pro-gression if SC do significantly outperform DC and three-way crosses (3 W) as sug gested (Eberhart 1969; Eberhart and Rus sell 1969; Weatherspoon 1970) . A hybrid's average yield is not the only measure of its performance; its consistency of performance across years and locations is important, especially to the producer who requires a constant supply of corn each year. There are two ways of achieving stability as discussed by Allard and Bradshaw (1964) . If a hybrid or population is composed of a number of different genotypes, such as for 3 W and DC, it could possess population buffering; if a hybrid such as SC is com posed of members all alike, but each member is adapted to a wide range of environments, it possesses individual buffering. Jowett (1972) working with sorghum (Sorghum bicolor L. Moench), Schutz and Brim (1971) with soybeans (Glycine max L.), Allard (1961) with lima beans (Phaseolus lunatus L.), and Weatherspoon (1970) , Eberhart and Russell (1969) with corn have shown population buffering to be the most effective for attaining yield stability. How ever, Allard (1961) and Eberhart and Rus sell (1969) have pointed out the importance of individual buffering and suggest that it is an inherited characteristic in certain geno types.
Detailed summaries and comparisons of the statistics involved in calculating stability by means of regression and deviations from regression are presented elsewhere (Finlay and Wilkinson 1963 ; Eberhart and Russell 1966; Baker 1969; Fripp and Caten 1971; Hardwick and Wood 1972) . Hence, the statistical methods will not be dealt with in detail here; instead a brief summary of the results and conclusions will be given. Mather (1949) proposed a method that was later adapted by Bucio Alanis (1966) and Bucio Alanis and Hill (1966) to evalu ate inbred lines of Nicotiana rustica and their offspring. This method involved par titioning the quantitative data according to genetic and environmental effects and the interaction of these. Finlay and Wilkinson ( 1963 ) used re gression analysis to measure the stability of a group of barley introductions over years and locations. They computed the regres sion, across all locations, of each entry on the mean yield of all entries at that location. From this a range of regression coefficients ( b) was established for the entries. As the authors were interested in the adaptability of the material being tested, they concen trated on the identification of cultivars adapted to high-yielding environments (high b-values) or those adapted to low-yielding environments (small b-values). This tech nique was subsequently used by Eberhart and Russell (1966) in evaluation of several series of corn hybrids. Their definition of a stable cultivar included a small deviation from regression as well as a high mean yield and unit regression coefficient.
Subsequently a number of people working with various crops (Reich and Atkins (1970) and Jowett (1972) and Fripp and Caten (1971) with the fungus Schizaphyl lum commune) have defined a stable entry as one with a b-value near or equal to 1. 0 with a small deviation mean square, or small standard error of b. These workers have sug gested b should approximate 1.0 indicating a cultivar's ability to increase by an average amount as conditions improve. Small b values indicate the inability of a cultivar to respond to improved environments whereas large b-values indicate a cultivar's lack of yielding ability in a poor environment. In all instances a high mean yield is required. With the studies mentioned above a linear relationship was generally found to exist be tween a genotype's performance and the yield level of an environment.
In this study we examined all corn hybrids recommended for production in Ontario for the years 1968 to 1972 inclusive. We ex amined the stability of performance for grain yield of SC, 3 W, and DC. Stability of performance is defined by three parameters: mean yield, regression of mean yield on location averages, 1and the standard error of this regression.
MATERIALS AND METHODS
Each year in Ontario a list of hybrids recom mended for commercial production by the On tario Corn Committee is issued. To be eligible for the recommended list a hybrid must be licensed for sale in Canada, a procedure that re quires testing at a minimum of two locations for 1 yr. Check hybrids of acceptable com mercial performance are used to ensure that the level of performance is satisfactory for grain yield, maturity, and stalk quality. Once a hybrid is licensed and recommended it is tested an nually in the area of its adaptation. Hybrids are removed from the recommended list when their performance is consistently below the average performance of the other recommended hybrids in the same tests.
Lattice designs are used in all tests conducted by the Ontario Corn Committee. A plot con sists of a single row planted at approximately 50,000 plants/ha. The tests are grown with ade quate fertility levels and excellent weed control. The plots are harvested for grain yield and hand gleaned. Any test having a coefficient of vari ability greater than 11 % for grain yield is discarded.
For the purposes of testing, Ontario has been divided into five areas. The division into areas is based on available heat units as described by Brown (1972) . In any given year the same hy brids are tested at two to five locations within each area. For the purposes of this paper the mean grain yield of SC, 3W, and DC was com puted for each test and used to compare the relative performance of each type.
An analysis of variance was conducted on the means of the hybrid types in each performance trial. One experiment at one location for 1 yr constitutes a performance trial. There were 257 hybrids, 99 SC, 59 3W, 76 DC, and 23 other crosses (OC) tested in 76 performance trials. The 23 QC that included modified SC are in cluded in the mean yield of all hybrids at a location but because of the difficulty in classify ing the OC as to type they were not included in any of the three previously mentioned types. The number of trials conducted during the 5-yr period is shown by year and heat unit area in Table 2 . A pooled error term obtained from the analysis of variance of each performance trial was used for the overall analysis of variance. This analysis had three hybrid types, five heat unit areas, and 5 yr.
For each hybrid type the mean yield of all hybrids of that type was regressed against the mean yield of all hybrids in that performance trial. This will give a b-value of 1.00 and a standard deviation of the b-value of 0.0 for the average of all hybrids across all performance trials. Standard errors of each b-value were calculated.
Many hybrids have remained on the recom mended list for several years and consequently have been tested in a large number of perform ance trials. In the second part of this study any hybrid tested in 20 or more performance trials was used to further examine hybrid stability. This included 63 (22 SC, 12 3W, 29 DC) of the original 257 hybrids. These hybrids did not all appear in the same performance trials, in fact some of the hybrids did not appear together in any trials. For each of these 63 hybrids a mean regression coefficient and standard error of the regression coefficient was calculated.
RES UL TS AND DISCUSSION
The average yield of SC was significantly greater than the average yield of 3 W, which was significantly greater than the average yield of DC (Table 1) . Single crosses out yielded 3 W by 3 . 8 q/ha and DC by 6.3 q/ ha. The three types of ,crosses responded differently to the changing environments as indicated by the significant interaction term of heat unit X year X SC vs. DC + 3 W. Hybrid types responded differently to the yield level of the environment in which they were grown (Fig. 1) . The SC not only had superior performance in low-yielding en vironments but also had the ability to exploit the higher yielding environments more than 3 W or DC. Average yield of each type of hybrid was calculated for each of the five heat unit areas for each of the 5 yr (Table 2 ). In 22 of these 25 heat unit/year averages SC outyielded 3 W and DC. In two instances the yield of 3 W was equal to that of SC and once SC was outyielded by 3 W. Similarly, in 23 of the heat unit/year averages 3 W yielded more than DC.
Using the p arameter of standard error of b to evaluate the stability as suggested by Eberhart and Russell (1969) difference in the average stability of the dif ferent types of hybrids over locations and years ( Fig. 1 ).
Since mei ans may not show individual dif ferences that exist, it is of interest to con sider the p erformance of individuals within each group. The performance of the 63 hybrids grown in a minimum of 20 per formance trials is summarized in Table 3 . As was the case in the overall summary SC outyielded 3 W, which outyielded DC. Al though there was a yield range within the three types of 19. 5 , 10. 5 , and 16.4 q/ha for SC, 3 W, and DC, respectively, the high est yielding SC outyielded the highest yield ing 3 W by 6. 2 q/ha and the highest yielding DC by 7. 5 q/ha. The three types of hybrids as represented by this group responded simi larly to changing environments as measured by their b-values. Also the range and average stability as measured by b and the standard error of b were similar for the three types. There was no correlation between a hybrid's average ability to yield and its ability to ex ploit a high yielding environment or its lack of performance in a poor environment, i.e. , the regression coefficient of a variety is no indication of its mean yield. This agrees with the work of Kaltsikes and Larter ( 1970) on wheat (Triticum durum Desf. ). However, Eberhart and Russell ( 1966) reported that with the material they studied, a b-value less than 1. 0 was associated with a mean yield less than the grand mean. Contrary to Tai's (1971) findings with potato (Solanum tu berosum L.) cultivars and Walton's (1968 ) findings with spring wheat (Triticum aesti vum L. em Thell. ) there was some indica tion that the higher yielding hybrids were more stable. The negative correlation be tween the yield of the 63 hybrids studied and their deviations from regression was highly significant. This was also the case with the 3 W (Table 3 ) . In summary, SC outyielded 3 W and DC. Secondly, SC generally outyielded 3 W and DC by a greater amount as the potential of the environment increased. There was no indication that SC were less stable than 3 W or DC. On the basis of the information re ported here the trend toward increased use of SC at the expense of DC and 3 W would appear to be justified on the basis of both yield performance and stability of perform ance across environments.
